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Introduction

Introduction

Leading twist Twist > 3
e Parton densities, g(x), ¢ Correlation functions.
Aq(x), ... e Functions of at least two
e Functions of one variable. variables.

e Models wanted!

This work: expansion of Nucleon state in Fock components with 3 and 4
constituents at p2 = 1 GeV?2.
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Introduction

Nucleon wave functions, 3q

s =~ [ PXEVL00) x (04, @,0)

Wave function

4 X1X2X3

W(X) = \1@ (x1, %2, X3) (167T7 [33 Z kg/x,]

Transverse size a3 =~ 0.73 GeV !
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Introduction

e Here: ¢(x1,x0,x3) is the same as tw-3 nucleon distribution amplitude.
Can be estimated using lattice methods, SVZ sum rules, ... — see

arXiv:1103.1269

3 1
¢)(X1,X27 X3) = 120fNX1X2X3 [1 + QZ(Xl — X3) + bZ(Xl + X3 — 2X2) +.. ]

e SVZ: fy = 5.0GeV?, Lattice: a, b= O(1)
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Introduction

Nucleon wave functions, 3q+1g
1P, +) v, =€’jk/[DX]4 Uip0a(X) x g7 T(8) [Pur(D)]] uf(2) d],(3) [0)

.+ = [ (DXL g7 (4)¢
(Vi 0O 1w I (uf, 2], (3) - df,(2)u,(3)
+ IS0, () ([P w@)]] dh(3) - [2d, )]} u),(3) } 0)

\Ui 1(1,2) X) =
3e (X)) = N XL XaXa%a

1 167
¢¢,T(1,2)(X1’ X, X3X4) (67 [_34 Z kJ_,/XI‘|

¢LT(1»2)(X17 X2,X3Xg) = N%T(I’Z)X1X2X3Xf
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Introduction

General strategy

Wanted: (p| O(z1,...)|p)

|p) = |uud) + |uudg 1) + |uudg |)

O:H(q,a,f,...)

Canonical expansion (quasipartonic operators)

i(T) dp+ dzpj_ —ipx +ipx 4t

{bA(p). b, ()} = 2p+(27) 26\ nd(ps — P )% (P — P)
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Parton densities

Unpolarized quark distributions vs. GRV

rulr) a.dp ™

. xd(r)

() = [ 5" (PIg (~zn)a] (2n) + G (~z0)q’ (zn) |P)
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Parton densities

Polarized quark distributions

.1

rdu(x)

dz

2T

P2 (P, +| gl (~zn)q
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Parton densities

Gluon distributions
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Parton densities

Transversity distributions
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Sq(x) = / % Pz (p g (~zn)gt (2n) P, )
q(x) + Agq(x) > 2[0q(x)|

J. Soffer, PRL 74, 1292 (1995)
X. Artru, M. Elchikh, J. M. Richard et al., Phys. Rept. 470, .1 (2009).
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Tw-3 Matrix element of the type

(p|aFa |p) = (uudg| GFq |uud) + (uud| aFq|uudg) =3 Q. x0, )

2+(13)~
(23)T1~ (12)73~
3t(12)~ 17(23)~
(13)72~
x1+x+x3=0, X161 + X281 + X383 = x1 E1 + x0 b5
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E.g. for down quarks, QJ(x) at 1 GeV?
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xg(x) Proton/Neutron
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xg»(x) Proton/Neutron - WW breaking
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—> A. Accardi, A. Bacchetta, W. Melnitchouk, M. Schlegel, JHEP0911, 093 (2009).
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Parton de es wist-3 g Summar

SSA

Relevant for SSA: Tgrq(x) = ZE[(1 + P13) Q7 (x) + (1 — P13) Qg (X)]
e Vanishes on SGP and SFP lines at 1 GeV?.
e Nonzero contributions generated by evolution.

Effect of QCD evolution, d-quark (1 GeV? — 10 GeV?):
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SSA

SSA, soft-gluon pole
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Compared to:

C. Kouvaris, J. -W. Qiu, W. Vogelsang, F. Yuan, PRD74 114013 (2006)
K. Kanazawa, Y. Koike, PRD82 034009 (2010)
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Summary

e Reasonable description of parton densities at x > 0.5.
e Qualitative description of twist-3 observables.

e Room for improvements:

e gg wavefunction.
e Higher Fock-states.
o Gerneralization of wavefunctions with free parameters, e.g.

P(x) ~ X1 X2 X3 Xf"

e GRV approach?
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